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(54) Semiconductor device with reflector 

(57) A semiconductor device (X1 ) includes a sub- 
strate (1 A), a semiconductor chip (3A) tor emitting light, 
and a reflector (5) enclosing the semiconductor chip 
(3A) for reflecting the light emitted from the chip. The 



substrate (1 A) is provided with a first electrode (2A) and 
a second electrode (2B) each electrically connected to 
the semiconductor chip (3A). A transverse cross-section 
of the reflector defines an elongated figure, such as ob- 
long, elliptical, rhombic or rectangular. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention: 

[0001] This invention relates to a semiconductor de- 
vice capable of emitting light and provided with a reflec- 
tor for the light. More particularly, it relates to a semicon- 
ductor device, such as a light-emitting diode, used for 
backlighting a push button in a small electric device such 
as a portable telephone. 

2. Description of the Related Art: 

[0002] Small electronic devices such as portable tel- 
ephones have been widely used lately because of their 
handiness. Needless to say, portable telephones are 
provided with a number of push buttons operated for 
making a call or performing other functions. The push 
buttons of a recent portable telephone may be backlrt 
by small light sources, so that the user can operate the 
device even in the dark. For the light source, use may 
be made of an LED (light-emitting diode). 
[0003] Figs. 1 2 and 1 3 show a conventional light-emit- 
ting diode provided with a reflector. As illustrated, the 
conventional diode Y is constituted by a rectangular 
base unit 1\ an LED chip 3' mounted on the unit V and 
a casing 5' enclosing the LED chip 3'. 
[0004] The base unit 1 ' is composed of an insulating 
substrate 1A', a first electrode 2A and a second elec- 
trode 2B\ The electrodes 2A* and 2B', which are elec- 
trically insulated from each other, extend from the upper 
surface 10' of the substrate 1 A' onto the lower surface 
12' through a side surface 11'. The electrodes 2A' and 
2B' have upper portions 2a' and 2b', respectively, which 
extend on the upper surface 1 0' of the substrate 1 A 1 . 
These electrodes 2A\ 2B' may be made by etching a 
conductive metal layer formed on the substrate 1 A'. 
[0005] The LED chip 3* is arranged on the upper por- 
tion 2a' of the first electrode 2A' and is electrically con- 
nected thereto. The top surface 30* of the LED chip 3' is 
electrically connected to the upper portion 2b' of the sec- 
ond electrode 2B l via a wire 4' made of gold for example. 
[0006] The casing 5' is formed with a cavity 50a' de- 
fined by an inner wall surface 5a' of the casing 5'. As 
shown in Figs. 1 2 and 1 3, the cavity 50a' is made in the 
form of a reversed, truncated cone extending through 
the thickness of the casing 5'. Thus, when the casing 5' 
is mounted on the substrate 1A\ the LED chip 3A' and 
the wire 4' are disposed in the cavity 50a'. 
[0007] As shown in Fig. 1 3, the inner wall surface 5a' 
is covered with a metal film 5b' formed by sputtering or 
vacuum evaporation. The metal film 5b' is rendered re- 
flective so as to work as a light-reflecting member or re- 
flector. As illustrated, the cavity 50a' is filled up with 
transparent resin 50* (such as epoxy resin) which is 
highly permeable to light. The resin 50' will be referred 



to as the "light-permeable portion" below. 
[0008] With the above arrangement, part of the light 
emitted from the LED chip 3A' is reflected by the metal 
layer 5b' before getting out of the light-permeable mem- 

5 ber 50', while the other part of the emitted light passes 
through the light-permeable member 50' without being 
reflected by the metal layer 5b*. As a result, a light beam 
having a generally cylindrical form is emitted from the 
light-permeable member 50'. 

10 [0009] As stated above, the light-emitting diode Y, 
which is usable as a backlight for a push button of a 
portable telephone, is arranged to emit a generally cy- 
lindrical light beam. On the other hand, the push buttons 
of a portable telephone are often made in a non-circular 

is form (e.g. elliptical or rectangular). Under these circum- 
stances, the light-emitting diode Y fails to property 
brighten the entirety of a push button. This shortcoming 
may be overcome by using more than one light-emitting 
diode Y for illuminating a single push button. However, 

?0 it is clear that such a solution will disadvantageous^ 
lead to a cost increase. 

SUMMARY OF THE INVENTION 

2S [0010] It is, therefore, an object of the present inven- 
tion to provide a semiconductor device which is capable 
of properly backlighting a non-circular push button of an 
electronic device. 

[0011] According to the present invention, there is 
30 provided a semiconductor device comprising: 

a substrate provided with a first electrode and a sec- 
ond electrode formed thereon; 
a semiconductor chip mounted on the substrate for 
35 emitting light, the semiconductor chip being electri- 
cally connected to the first electrode and the second 
electrode; and 

a reflector enclosing the semiconductor chip for re- 
flecting the light emitted from the semiconductor 
40 chip; 

characterized in that the reflector has an elongat- 
ed transverse section. 

[0012] The elongated transverse section may be ob- 
45 long, elliptical, rhombic, or rectangular. 

[0013] According to a preferred embodiment of the 
present invention, the reflector may have a first vertical 
section defining a quadric curve. 

[0014] Further, the reflector may have a second ver- 
50 tical section intersecting the first vertical section at right 
angles. The second vertical section may define a quad- 
ric curve. 

[001 5] The reflector may define a quadric surface ta- 
pering toward the semiconductor chip. 
55 [0016] According to a preferred embodiment of the 
present invention, the semiconductor chip may be a 
light-emitting diode chip. 

[0017] According to another preferred embodiment, 
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the semiconductor chip may be a laser diode chip. 
[0018] The semiconductor device ot the present in- 
vention may further comprise a casing supported by the 
substrate. The casing may be provided with an inner 
surface defining a cavity, wherein the inner surface 
serves as the reflector. 

[0019] Preferably, the casing may be made of a re- 
flective material. 

[0020] Preferably, the casing may be white. 
[0021] Preferably, the casing may be made of a poly- 
carbonate resin containing titanium oxide. 
[0022] According to another preferred embodiment of 
the present invention, the semiconductor device may 
further comprise a casing supported by the substrate 
and a light reflecting film as the reflector. In this case, 
the casing may be provided with an inner surface defin- 
ing a cavity, and the light reflecting film is formed on the 
inner surface. 

[0023] Preferably, the light reflecting film may be 
made of metal. 

[0024] Further, the light reflecting film may be white. 
[0025] Preferably, the light reflecting film may be 
made of a polycarbonate resin containing titanium ox- 
ide. 

[0026] The semiconductor device of the present in- 
vention may further comprise a light-permeable mem- 
ber, wherein the reflector defines a space accommodat- 
ing the light-permeable member. 
[0027] Preferably, the light-permeable member may 
be made of an epoxy resin. 

[0028] Other features and advantages of the present 
invention will become apparent from the detailed de- 
scription given below with reference to the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1 is a perspective view showing a light-emitting 
diode according to a first embodiment of the present 
invention; 

Fig. 2 is a plan view of the light-emitting diode of 
Fig. 1; 

Fig. 3 is a sectional view taken along the lines Ill-Ill 
in Fig. 2; 

Fig. 4 is a sectional view taken along the lines IV- 
IV in Fig. 2; 

Fig. 5 is a sectional view illustrating a light-emitting 
diode according to a second embodiment of the 
present invention; 

Fig. 6 is a plan view illustrating a light-emitting diode 
according to a third embodiment of the present in- 
vention; 

Fig. 7 is a plan view illustrating a light-emitting diode 
according to a fourth embodiment of the present in- 
vention; 

Fig. 8 is plan view illustrating a light-emitting diode 



according to a fifth embodiment of the present in- 
vention; 

Fig. 9 is a sectional view illustrating a laser diode 
according to a sixth embodiment of the the present 
5 invention; 

Fig. 10 is a sectional view illustrating a laser diode 
according to a seventh embodiment of the present 
invention; 

Fig. 11 is a sectional view illustrating a laser diode 
io according to an eighth embodiment of the present 
invention; 

Fig. 1 2 is a perspective view of a conventional light- 
emitting diode; and 

Fig. 1 3 is a sectional view taken along the lines XIII- 
is XIII in Fig. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 [0030] Preferred embodiments of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[0031] Figs. 1-4 show a light-emitting diode X1 ac- 
cording to a first embodiment of the present invention. 
25 The illustrated diode X1 may be used as a backlight for 
a push button of a small electric device such as a port- 
able telephone. 

[0032] The light-emitting diode X1 has a rectangular 
base unit 1, an LED chip 3A arranged thereon, and a 

30 casing 5 enclosing the LED chip 3A. The base unit 1 
includes a rectangular insulating substrate 1A, a first 
electrode 2A and a second electrode 2B. Since the sub- 
strate 1A is required to have excellent insulating and 
heat-resistant properties, it may be made of a polyimide 

35 resin such as BT resin (trade name, manufactured by 
MITSUBISHI GAS CHEMICAL CO.,INC.), or a ceramic 
material. 

[0033] As shown in Fig. 3, each of the electrodes 2 A, 
2B is formed on the substrate 1A, extending from the 

40 upper surface 10 through a side surface 11 to the lower 
surface 12 of the substrate 1 A. The electrodes 2A, 2B 
are spaced from each other to be electrically insulated. 
[0034] The electrodes 2A, 2B may be formed in the 
following manner. First, a conductive metal layer made 

45 of e.g. copper or nickel is formed on the substrate 1A, 
and then etched to remove unnecessary portions. At this 
stage, two separate conductive elements (one for the 
first electrode 2A and the other for the second electrode 
2B) are formed. Finally, the conductive elements are 

50 gold-plated by e.g. electroplating to provide the first and 
the second electrodes 2A, 2B. As a result of such gold- 
plating, the electrodes 2A, 2B become highly resistant 
to oxidation, and a wire will be firmly bonded to these 
electrodes. 

55 [0035] As shown in Figs. 1 and 3, the first electrode 
2A has an upper portion 2a formed on the upper surface 
10 of the substrate 1 A. The upper portion 2a includes a 
die-bonding region 20a (protruding toward the second 
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electrode 2B) onto which the LED chip 3A is mounted. 
Though not shown, silver paste is applied between the 
LE D chip 3A and the die-bonding region 20a, so that the 
chip 3A and the region 20a are electrically and fixedly 
connected to each other. 

[0036] Similarly, the second electrode 23 has an up- 
per portion 2b formed on the upper surface 10 of the 
insulating substrate 1A. The upper portion 2b includes 
a wire-bonding region 20b protruding the first electrode 
2A. The wire-bonding region 20b and the top surface 30 
of the LED chip 3A are electrically connected to each 
other by a wire 4 made of gold for example. 
[0037] The casing 5 placed on the base unit 1 is 
formed with a cavity 50a for housing the LED chip 3A 
and the wire 4. As shown in Fig. 3 for example, the cavity 
50a is defined by an inner wall surface 5a of the casing 
5. The cavity 50a extends through the thickness of the 
casing 5 to be open upward and downward. 
[0038] As shown in Fig. 3, the cavity 50a is filled up 
with a transparent resin material which is highly perme- 
able to light. The resin material may be an epoxy resin 
containing no filler. After being hardened, the transpar- 
ent resin materia! serves as a light-permeable member 
50. 

[0039] The casing 5 is made of a highly reflective 
white material such as a polycarbonate resin containing 
a titanium oxide as filler. Accordingly, the inner wall sur- 
face 5a of the casing 5 is rendered highly reflective. 
Thus, the inner wall surface 5a serves as an excellent 
reflector for light emitted from the LED chip 3A. 
[0040] As viewed in horizontal (or transverse) section 
(see Fig. 2), the inner wall surface 5a gives an elliptical 
appearance, while as viewed in two vertical sections in- 
tersecting at right angles (see Figs. 3 and 4), it gives an 
appearance of a quadric curve (curve of second order). 
Clearly, the light-permeable member 50, fitted in the 
cavity 50a, has the same curved surface as the inner 
wall surface 5a. 

[0041] The casing 5 and the light-permeable member 
50 are formed as lollows. The casing 5, which is made 
of the above-mentioned resin material by e.g. transfer 
molding, is prepared separately from the light-permea- 
ble member 50. The casing 5 is then attached to the 
base unit 1 (onto which the LED chip 3A with the wire 4 
has already been mounted). Then, a transparent resin 
is filled into the cavity 50a of the casing 5 by potting, 
thereby forming the light- permeable member 50, Alter- 
natively, the light-permeable member 50 may be formed 
by transfer molding. 

[0042] The light -emitting diode X1 described above 
has the following advantages. 

[0043] When voltage is applied to the light-emitting di- 
ode X1 in the forward direction, the LED chip 3A emits 
light. Part of the light emitted from the LED chip 3A pass- 
es through the light-permeable member 50 without re- 
flection. On the other hand, the remaining part of the 
emitted light is reflected (once or more) by the inner wall 
surface 5a (which is highly reflective) while traveling 



through the light-permeable member 50. The thus re- 
flected light and non-reflected light are eventually emit- 
ted from the light-permeable member 50 to form a light 
beam together. 

5 [0044] Since the inner wall surface 5a defines an el- 
liptical figure in the top surface of the casing 5 as shown 
in Fig. 2, the light beam from the light-emitting diode X1 
is also elliptical in horizontal cross-section. Therefore, 
even if a portable telephone has an elongated push but- 

10 ton, a single light-emitting diode X1 suffices for lighting 
up the entirety of the push button. Thus, there is no need 
to use a plurality of light-emitting diodes for a single push 
button. In addition, since the inner wall surface 5a forms 
a quadric surface (part of a generally elliptic paraboloid), 

is light beams emitted from the diode Xt are advanta- 
geously directed toward substitutional^ the same direc- 
tion. 

[0045] In the above embodiment, the inner wall 5a of 
the casing 5 works as the reflector. However, the present 

20 invention is not limited to this arrangement. In this con- 
nection, reference is now made to Fig. 5 showing a light- 
emitting diode X2 according to a second embodiment of 
the present invention. The illustrated diode X2 is basi- 
cally similar to the diode X1 of the first embodiment, ex- 

25 cept that use is made of a light-reflecting film 52b as a 
reflector formed on the inner wall surface 52a of a casing 
52. The light-reflecting film 52b may be prepared by 
sputtering or vacuum evaporation of high light-reflective 
metal. Alternatively, the film 52b may be made of a re- 

30 flective resin material such as polycarbonate resin con- 
taining titanium oxide. 

[0046] In the above two embodiments, the reflective 
inner wall surface 5a (the first embodiment) and the ad- 
ditional reflecting film 52b (the second embodiment) 

35 both taper toward the LED chip. 

[0047] Fig. 6 shows a light-emitting diode X3 accord- 
ing to a third embodiment of the present invention. The 
illustrated diode X3 is basically similar to the diode X1 
of the first embodiment, except that the inner wall sur- 

40 face 53a of a casing 53 appears, in horizontal section, 
to be oblong but not elliptic. In this embodiment, differing 
from the second embodiment X2 (Fig. 5), no separate 
reflective film is formed on the inner wall surface 53a of 
the casing 53. Thus, the casing 53 needs to be made of 

45 a reflective resin material. 

[0048] Fig. 7 shows a light-emitting diode X4 accord- 
ing to a fourth embodiment of the present invention. The 
illustrated diode X4 is basically similar to the diode X1 
of the first embodiment, except that the inner wall sur- 

50 face 54a of a casing 54 appears, in horizontal section, 
to be rhombic. 

[0049] Fig. 8 shows a light-emitting diode X5 accord- 
ing to a fifth embodiment of the present invention. The 
illustrated diode X5 is basically similar to the diode X1 
55 of the first embodiment, except that the inner wall sur- 
face 55a of a casing 55 appears, in horizontal section, 
to be rectangular. 

[0050] Fig. 9 shows a semiconductor device X6 ac- 
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cording to a sixth embodiment of the present invention. 
The illustrated device X6 includes an LD (laser diode) 
chip 3B instead of an LED chip. The LD chip 3B are pro- 
vided with two terminals 36a and 36b facing in the same 
direction (downward). One terminal 36a is connected, 
via a conductor 34A, to a first electrode 26A formed on 
an insulating substrate 16, while the other terminal 36b 
is connected, via another conductor 34B. to a second 
electrode 26B. A casing 56 may be similar in configura- 
tion to the casing 5 of the first embodiment, so that the 
inner wall surface 56a of this embodiment and the coun- 
terpart of the first embodiment may also be similar. 
[0051] Fig. 10 shows a laser diode X7 according to a 
seventh embodiment of the present invention. The illus- 
trated diode X7 is basically similar to the diode X6 of the 
sixth embodiment (Fig. 9) except for the following points. 
First, an LD chip 37 B is mounted onto a first electrode 
27 A only so as not to be in direct contact with a second 
electrode 27 B. Second, two terminals 37a and 37b of 
the LD chip 37B are directed upward. Thus, use is made 
of a wire 47a for connecting one terminal 37a to the first 
electrode 27 A, while another wire 47b is used for con- 
necting the other terminal 37b to the second electrode 
27B. 

[0052] Fig. 1 1 shows a laser diode X8 according to an 
eighth embodiment of the present invention. The illus- 
trated diode X8 is basically similar to the diode X7 of the 
seventh embodiment (Fig. 10), except that an LD chip 
38B is arranged between first and second electrodes 
28A : 28B, so that the chip 3BB is mounted directly on 
an insulating substrate 18. 



3. The semiconductor device according to claim 2, 
wherein the reflector (5, 52b, 53-56) has a second 
vertical section intersecting the first vertical section 
at right angles, the second vertical section defining 

5 aquadric curve. 

4. The semiconductor device according to any one of 
claims 1 -3, wherein the reflector (5, 52b, 53-56) de- 
fines a quadric surface tapering toward the semi- 

10 conductor chip (3A, 3B, 37B, 38B). 

5. The semiconductor device according to any one of 
claims 1-4, wherein the semiconductor chip is a 
light-emitting diode chip (3A, 3B). 

15 

6. The semiconductor device according to any one of 
claims 1 -4, wherein the semiconductor chip is a la- 
ser diode chip (37B, 38B). 

20 7. The semiconductor device according to any one of 
claims 1-6, further comprising a casing (5, 52-56) 
supported by the substrate (1 A, 16, 18), the casing 
(5, 52-56) being provided with an inner surface (5a s 
52a-56a) defining a cavity (50a), the inner surface 
25 (5a, 52a-56a) serving as the reflector. 

8. The semiconductor device according to claim 7. 
wherein the casing (5, 52-56) is made of a reflective 
material. 

30 

9. The semiconductor device according to claim 7 or 
8, wherein the casing (5 : 52-56) is white. 



15 
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Claims 

1 . A semiconductor device (X1 -X8) comprising: 

a substrate (1A, 16, IB) provided with a first 
electrode (2A, 26A-28A) and a second elec- 
trode (2B, 26B-28B) formed thereon; 
a semiconductor chip (3A, 3B, 37B, 38B) 
mounted on the substrate (1 A. 16, 1 8) for emit- 
ting light, the semiconductor chip (3A, 3B, 37B, 
38B) being electrically connected to the first 
electrode (2A. 26A-28A) and the second elec- 
trode (2B, 26B-28B); and 
a reflector (5, 52b, 53-56) enclosing the semi- 
conductor chip (3A, 3B, 37 B, 38B) for reflecting 
the light emitted from the semiconductor chip 
(3A, 3B, 37B, 38B); 

characterized in that the reflector (5, 52b, 
53-56) has an elongated transverse section. 

2. The semiconductor device according to claim 1, 
wherein the reflector (5, 52b, 53-56) has a first ver- 
tical section defining a quadric curve. 



10. The semiconductor device according to any one of 
35 claims 7-9, wherein the casing (5, 52-56) is made 

of a polycarbonate resin containing titanium oxide. 

11 . The semiconductor device according to claim 1 , fur- 
ther comprising a casing (52) supported by the sub- 

40 strate and a light reflecting film (52b) as the reflec- 
tor, the casing (52) being provided with an inner sur- 
face (52a) defining a cavity, the light reflecting film 
(52b) being formed on the inner surface (52a). 

*s 12. The semiconductor device according to claim 11, 
wherein the light reflecting film (52b) is made of met- 
al. 

13. The semiconductor device according to claim 11 or 
so 1 2, wherein the light reflecting film (52b) is white. 

14. The semiconductor device according to claim 11, 
wherein the light reflecting film (52b) is made of a 
polycarbonate resin containing titanium oxide. 

55 

15. The semiconductor device according to any one of 
claims 1-14, lurther comprising a light-permeable 
member (50). wherein the reflector (5, 52b, 53-56) 
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defines a space accommodating the light-permea- 
ble member (50). 

16. The semiconductor device according to claim 15, 
wherein the light-permeable member (50) is made 5 
of an epoxy resin. 

17. The semiconductor device according to any one of 
claims 1-16, wherein the elongated transverse sec- 
tion is elliptical. *o 

18. The semiconductor device according to any one of 
claims 1 -16, wherein the elongated transverse sec- 
tion is rhombic. 

75 

19. The semiconductor device according to any one of 
claims 1 -16, wherein the elongated transverse sec- 
tion is rectangular. 

20 
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